Temperature dependence of the lower critical field H c1 (T) for the superconducting magnesium diboride, MgB 2 , is studied in the vicinity of T c by using a two-band Ginzburg-Landau (G-L) theory. 
I. INTRODUCTION
The recent discovery of superconductivity in an intermetallic compound of magnesium diboride, MgB 2 , [1] is interesting for some reasons. First, MgB 2 holds the record of the highest critical temperature at around 40 K among the simple binary compounds of superconductors. The second, the material shows a pronounced isotope effect of boron, which suggests that MgB 2 is a phonon mediated superconductor [2] . In addition, the compound has been found particularly attractive because it is generally thought that MgB 2 has a potential to replace conventional superconducting materials in the electronic applications in terms of large critical current densities [3] and transparency between grain boundaries to the current flow [4] . MgB 2 is of a type II superconductor with the estimated values of a coherence length ) 0 ( K ξ , penetration depth ) 0 ( K λ and G-L parameter, κ(0) being 5.2 nm, 125-140 nm, κ(0)=26, respectively [5, 6] .
Microscopic mechanisms of superconductivity in MgB 2 and the discussions of its superconducting properties implicitly involve the employment of Isotropic Single Band (ISB) model [7] . However, band structure calculations suggest that the origin of the superconductivity is based on the hole-like boron σ band [8] and π band [9] . Hence, two-band Eliashberg theory [10] is generally assumed as complementary to the ISB model. Recently two-band Eliashberg model was applied for determining the behaviour of H c2 in MgB 2 [11] .
The temperature dependence of the lower critical magnetic field H c1 exhibits a negative curvature near critical temperature T c as reported experimentally in Refs. [12] [13] [14] . For a review, see also the recent work of Ref. [15] . Although there has been some extensive theoretical works on MgB 2 , to our best of knowledge, there is no systematic model to explain the temperature dependence of H c1 , observed in MgB 2 . In a previous communication, we presented the temperature dependence of H c2 (T) by using the two-band G-L theory [16] . In this paper, we show that the presence of two order parameters for two bands in the theory yields a negative curvature in the vicinity of the critical temperature for MgB 2 superconductor. The calculated temperature dependence of the lower critical
is in a good agreement with some experimental data.
II-THEORY
We write the G-L free energy functional for two-band superconductors with two coupled superconducting order parameters of the following form similarly as in [16, 17] ,
Here i m denotes the the effective mass of the carriers belonging to the band i (i=1,2). 
Where, 2 ) (
Ψ are the densities of superconducting electrons for the corresponding bands, respectively. The temperature dependencies of n 1 (T), n 2 (T) and ( 
where λ is the London penetration depth of the following form
We then introduce a dimensionless lower critical fi eld ) 0 ( ) ( . We rewrite the normalised lower critical field as: 
Temperature dependence of the normalised G-L parameter ) (T κ in two-band SC is given as
Here, the upper critical field h c2 of two-band superconductors was calculated as in [16] and can be given as ( )
The parameters in last equation are the same as in [16] .
III-RESULTS AND DISCUSSIONS
The experimental data for the lower critical field h c1 of MgB 2 can be fitted well with high accuracy by the simple expression of the form
Sharoni et al. [14] (9) and (14) . The best fit to the experimental data was obtained by using Eqn. (14) 
Calculations show that the function ) 0 ( ) ( κ κ T has weak temperature dependence as in a similar way of the single-band BCS theory [18] implying that the temperature dependence is determined mainly by the temperature dependence of the penetration depth. On the other hand, as followed from the equation (7), h c1 is determined dominantly by the small mass of the carriers in contrast to the upper critical field, h c2 . The term in Eqn. (7) for the intergradient interaction between the bands may also contribute to the temperature dependence of the penetration depth. Inclusion of the term with 1 ε enhance the negative curvature near critical temperature (dashed line) in similar manner for upper critical field. Thus, in two-band G-L theory, the lower critical magnetic field exhibits negative curvature in contrast to ISB GL theory. Note that the single band G-L theory would only give a linear temperature dependence for H c1 [18] only at temperatures close to T c .
As shown by Eqn. (A4) , the critical temperature of around T c =40 K can be obtained from T c1 =20 K and T c2 =10 K approximately with the interaction parameter = ε 2 3/8. As followed from the eq. (11) lower critical field h c1 is governed by the parameter ε , ε . Our fitting corresponds to η = -0.16. We also take into account that the average Fermi velocity over hole tubular band is Note that the theoretical results of two band superconductivity is in a good agreement with the experimental works of [12] and [14] . However, there are some experimental works that are not well fitted to our results at high temperatures [19] and at low temperatures [13] . There may be several reasons for the inconsistency. First, Joshi et al. [19] has presented experimental measurements of H c1 well below T c and found a linear dependence on temperature. It is generally accepted that H c1 becomes vanishigly small near T c and its measurement is almost impossible at temperatures in the vicinity of Tc. We also note that our theoretical results for hc2 [16] are in agreement with their experimental data of Ref. [19] . In addition, the measurement of H c2 (T) in Ref.
[13] also shows positive curvature near Tc. Their data for H c1 (T) are in a reasonable agreement with the data of Sharoni et al. [14] at temperatures between 20 and 40 K, while their data differ at temperatures below 20 K. In our opinion, the discrepancy may result from the sample specifications, since optimisation of the sample preparation is still needed to make high quality samples. Two-band G-L theory gives better temperature dependence than single-band G-L theory. This may support the proposals that MgB 2 is the first two-band superconductor [8, 9, 11, 20] In summary, we have shown that the negative curvature of the lower critical field can be explained to a reasonable extent by seeking analytical solutions to the two-band G-L theory within an
approximation. An exact fitting between experiement and the theory would necessitate exact solutions to the theory. However, the theory itself is phonemologic and it can explain the temperature dependence to some extent only at temperatures close to T c . Further work is therefore needed to elucidate the nature of superconductivity and the interesting physical properties observed in MgB 2 at both microscopic level and the macroscopic level. and T c2 , which can determined by the equation
In the absence of any magnetic field, the equilibrium value of the order parameters are given as ( ) 
